Introduction
The lasertron [1, 2] is a device (either RF or DC) for producing intense, very short, pulsed electron beams (tens of picoseconds). In the DC lasertron, a laser is pulsed repetitively onto a photoemissive cathode [3] . In general, the current is not space-charge limited and follows the laser intensity. The electron pulse is then accelerated out of the device by a constant voltage. By using the laser the need for a subharmonic buncher is eliminated.
In the RF lasertron, the diode becomes an RF cavity. This improves the breakdown characteristics of the device, allowing higher voltages to be applied and hence higher currents to be obtained. The calculations are aimed at producing a 10 nC electron beam with an emittance of less than 40 mm-mrad for use in freeelectron laser experiments at Los Alamos [4] . Other applications of the lasertron include efficient microwave or RF generation [3] . A class of electrode shapes [see Eq. (2) ] has been obtained which in the absence of space charge produces no emittance growth. These shapes have been studied with the particle-incell simulation model ISIS [51, and the electrodes which produce minimum emittance including the effect of space charge have been determined. Unique emittance problems associated with the time dependence of the beam pulse are studied and conditions for reducing these effects are discussed.
Sources of Emittance
In the paraxial approximation, emittance in charged particle beams arises from nonlinear radial electric fields. Thus if Er is everywhere linear in the radial coordinate r, the dynamics of the particles will be self-similar and no emittance will be produced. The electric field in a diode is produced by the electrode shapes and by the space charge of the beam that is created. Either field can be nonlinear and consequently a source of emittance. In order to minimize the emittance we begin by requiring the field produced by the electrodes be linear. -p2 ]/(C-u) . (2) In order to apply this solution to physically realizable systems, the region of interest must be bounded by three electrodes, as shown in Fig. 1 . If electrodes at the indicated potentials are placed as shown in the figure, the vacuum electric field will be linear everywhere in the region enclosed by the conductors. In practice, this solution can only be approximated. Figure 2 shows the electrode approximation used in an actual ISIS calculation (z is chosen to be 3 cm). The * -0 (cathode) and * -0.85 (anode) electrodes are truncated and the third electrode is completely absent. It can be expected that this electrode configuration will give a good approximation to the solution of Eq. (1) Ele,ctrodes placed on these equipotentials produce only linear radial electric fields. far from optimal as shown in Fig. 3 . Figure 4 shows two sets of simulations as a function of pulse length 11/2 with a common point at cT/A = 1.5. The squares show emittance measurements keeping the step-function current constant at 200 A. Increasing the pulse length increases the amount of total charge in the beam pulse. As can be seen, c is a weak function of pulse length and actually goes up slightly with increasing T.
All the pulsed beams had a higher emittance than the steady state beam, indicating the increased emittance was from particles in the head and tail of the beams. The circles show the emittances from a series of simulations keeping the total charge in the beams constant and varying the current. The emittance is now a strong decreasing function of the pulse length. As the pulse gets longer, not only do the particles in the ends constitute a smaller fraction of the total particles and contribute less to the emittance but the space-charge forces which cause the nonself-similar expansion decrease. Figure 5 shows the same set of simulations at constant charge (circles) as a function of current. where u is the axial momentum normalized to mc, and m is the mass of the particle. together at any given time. The RF lasertron will debunch the beam unless only a small fraction of the RF cycle is used, but this effect is minimized by operating near to T = 0. This solution can be used to determine the A-K gap of the diode to give the particles maximum energy. The problem with operating too near T 0 is that the electric field may be so low that the current can be space-charge limited so the beam profile will not follow the laser. A good rule of thumb appears to be to operate in the first quarter cycle of the RF (tT < r/4) and choose the gap to be the distance the last emitted particle attains at T = X/2.du/dt -eE0/mc sin(wt) 
